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(54) DEVICE FOR INSPECTING COATED FILM SMOOTHNESS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently and highly 
accurately inspect an object to be inspected in a wide 
area, even when its curved surface is inspected, by 
converting the light receiving image of a prescribed 
brightness and darkness pattern projected on a surface 
to be inspected into an image data, extracting a 
boundary region between bright and dark parts and 
using this as a binarized image. 
SOLUTION: A bright and dark striped pattern is 
projected on a surface 3 to be inspected by using an 
illuminator 1 having a bright and dark striped pattern and 
a light receiving image is obtained by photographing this 
pattern with a video camera 2. When the surface 3 to be 
inspected is curved, even if the pitch of the striped 
pattern of the illuminator 1 is constant, the pitch of the stripe of the light receiving image 
changes according to the curvature of the surface 3 to be inspected. The light receiving image 
is inputted to an image processor 5, the brightness and darkness boundary region of the 
stripe is extracted and this is used as a binarized image. Then, labeling is performed for the 
brightness and darkness boundary region and the width of the region is calculated. Since the 
change of the width is larger as the smoothness of the surface 3 to be inspected is worse, 
statistical processing for obtaining width variance is performed and smoothness is calculated 
from its result and characteristic obtained beforehand. 
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£<0 L S V^T' 2 mitt h 2 IHL^ak . 

m2mmm2mitmm( f zm^mm^mmcom 
Mf^zm^zfcizm^comftrnjttzw 

xm&<v*^zmft?&mmt*m-m. ±ie*m 
mmmzm s ±ie+c* k wi*i»i^ii*BMa# 

«S^«kLT¥flltttfl««ik*««fc-r*lll« 
[M«a3]^IStLfea«aEffit:*SrHa«L. 

SEtf)L£l >HT' 2 «W* 2 «ft#S k . 

went* 

jje 2 mt^ar 2 k ±.mm/mm 

mmmmt<oibwm%z'tt%\ l \ *ots»k i/t»as 



L # V 2 «t* & SS 1 <?) 2 »L^a k . 

u ass i ^ 2 «fc*a<3«yie* k & 2 2 <nfc#a*> 

titznjxuMzmt&mmm&i* l<(2Iuhkcs 
^xw&tt<w&&zwtti>w%&&t . 

immsimm^titzw&Em^zmmi, *m 
mmfrh<nmmzm^x&%mmftfSLL. 
&mmtzm^x&vm5±wft&zmft?&wm 
m&mgmiz&^x. 

m^zmfecom^?->mifti-mw^®b . 
m^m^fi^ii^r-^t^-ri>^#ak . 
^kPf^(7)^^^^^^03Hf^^ai#ak . 

±E«e««isa^a-c«* &ftfcmmHHte ±ia 
¥if ft¥ao*wts» k ^£**>& Jiftaj^ak . 

±ia2»#a^[isamk ix^^titzm.m^z 

0¥iltt*ffi&**«S#ai:, 
^ifeik^1»k^^K¥ftttlteiE«B. 

m^izjm<om'*?->£&ift+m*%£®£ . 
±Rm&m£m&Lx&hn&wtew-y*>&m 

k. 

±ia 2 fi^ax- 2 m: $ n^s« £ - bbs $ ^ 

k, 

±ie 2 »b^aT- 2 fifl:$iifeB« k ±i£1^5I/iR^^ 
SttOBftk^lMaWtffiv^ -?-<0tS»kLT»ffi 

^v^rtM^w»tt*«et4fle#afc . 

[is^[7 3 mmziitiffit&mizftzmtL. 
m^fr^mtrnzm^xzimmzfttfLi* ^ 
^m^m^xmemi^^m^^mimk 
m&m:$kwizio^x. 
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±iffi&mzmi&ixn^hzm^?-><o%%m 

JJETOfl^&^Wfcfrflr^ t # l ^<re 2 6 
fS202Hfl:¥Ri:. 

uesfs i o 2 twk^iaojrais* t » 2 0 2 «ft#s<o 

*2«fc*Rfc. 

X . ±E2«fc*Rfcfcftt LS vM«r 
[00013 
[00023 

IflWW 1-21 350 9^&$gfc^3*l*:t>«D#& 

f-ycoftjtizmm Lx^mftzmm-t h tor* s . 

ML, »feiifcS*B«o^at^^-^2iifl:t. 



[00033 4*3. Jiia^-fih^orh^^^ 
mo. -ttch-h. m^m^mmhwmz^xm. 
tzmmtzx*). mmmfimmzii--$ix'tc<% 
mx\ mmm&M±&t>xm* <«^>. oaoaKmn 
4. ^onflfct MitftiikOj^rass^o. 

1-lcmfUrC. DQ A<0E $ tf&u mm^Xh h . £ 

cox 0 tt&xw\iw&imittitto&^&^n 

<T>X\ ^*>*9>& *WjUT tL<li "tfuy^JIL" fcnf 
[0004] 

tfh->tz. r&*>^ mum&^mti&mw&^x 

l±. m<VZbZ&fti**mthW±ZZlztt1&tht: 
t'rtftf^coiil^H (fflf) 12:5 cm 

x 5 c ms&t m^mmizzz . iKtf^x&^&mz 
msmztii&t&wmmx'h')* mm^r^x 

[000 53 **Wi±Eorfc 

< 6 z. t &&*twssifr 
ft&m&mzmtzzkX'hh. nzi m2com 
mm^^xim^<tmt^zt^^immw' 

[00063 

*mt,z&^xi±®mm%cr>®mt f zim-tz>xoi,z 
m&Lx^z. 

[ 0 0 0 7 3 z-r. ft&m 1 itzimcrmfuz&^xtt. 
m^mzmfewm^f-yzwi. w%mm: 
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- 1 o <o i o aigfw^fi^ts - 1 . .lib 

[ooo8] zt:. mm2(,zim<7>&mz&^x\*. 
m*mm&mv 2 mitw&zimfc 1 x ma+<& 
um&-t m®<£*mwLV. iMzmmmizx 

xy-m&znfc? h x 0 {zm&Lxx^h . 
[00 093 ztz. mimiizimnftmz&^xte. 
±112 mfc^m- 2m<[tztit:mifiRMm-R$ffi; 

m^mmiiztizx^xftjxm (Wich 
x*hy>(7w%ftwmcomRmiz%±-tz>ftjx) z 
mvzM&zft&LU ztitm2m<£*®x'2m<£z 

zm&imi* l < limmmizM^xmt&ffico^m 
&rwjtrz>£oizm&LLx^z>. ±ieo^ii. 
tfmm 7 tzTfitpmmmztt % -r & . 

[00 1 03 M^I4 CfE®^aj£fcV>TU: s 

m&co2mm&tnmm®nz'ff%*<\ zm%t 

Lxm&Ztifz&ix®Mz^tm®(7)m&l>l<te 

mmmizm^xwmmcD¥ffiit:m%.-t& x ? izm 
mm\,z-&mh. 

[ 0 0 1 1 ] 4fc. M^5^l^^ci3V^T(i:. 

n {%mz\±mcotmm^h^m^^mt^) 

m%.v>L%^®x'2mtLtzm%t Lx^htitzmi 
^i:ffi^4»nt t<&immzm^xw. 
^m^m&zmjtr&xoizffi&LLxi^. ±is^ 

[00123 ttz. mmeiztmmmz&^xte. 
%.%mm2m.L. 2mtziifz%ytwm-Bm. 
z&z<nibm&zvzffi^mmzm : )ffi&/isi 
mmzikv. mv>2mit2titzmikt±Mfl$m/u 
mwzmm&tnmmmnz'if&K *<»m$ktLx 
mftztitzftjxmtzmtzmmm&i* t<imm 
mizm^xmm&mco^m&zmtetzx dizm&L 
x^h. ±iicom&u±. mtiimmi oiz^t^mco 

[00 1 33 4*:. mimi IztzmcryftBntz&^Xii. 



z 2mfaLtzm&t^mimmk<?Mm 2m*kLtzm 
mtcommmnzftK^s * cornet Lxm&2tirz& 
ivmiztt%?zm&e>w&i> l < immmizg^x 
m&mnm&£Wfcth£omtfLix^&. ±e 
mm. mtixmmi liz^tmrnmizmt 

[ 0 0 1 4 3 mxms iztmm.mz&^xa. 

m&±m&m%z 2m<tuzm^t ixm^z 
^mizm-fz>m<r>mmi> l < \±®mmizm^ 
xtemtmvmmwfefzxoizm&Lix^z. ± 
mcomm. Mtimimi2iz*-t$mcoBmi,ztt% 

[001 53 4*:* B««9 tEtto»BH(c*5V^T(i. 
if^i-'if^8Hiaa^^^fe^T. 2»t#s 

[ 0 0 1 6 3 zt:. 1 0 iztmnmszto^x 

[00 1 73 JtlE^J: 5 «MHfc*iVvcii % *9>« 

xoiz®?Kmzmftt&<mmwx\ mmm 

X 0 (ifRMHiOX b roe ■/ ^$r^c# < i fc 
0 . 1 - 1 c mgjgT'fe 0 . flHWO^ttSaSfiTIi 

mm ( h*T*^^ 7 ) nmimitm 0x12c 

m (MlT^24 0cm2) gflOc^S <«Cfc*f5r 

mztotz. z^miwkm^iofex'b*)* * 

[ 0 0 1 8 3 4fc. ±ie^J: otz. mfoftfflSWtiJtl 
ott^i ¥«tt^ jE«^J3e-f 
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m>lz%^X\>^W&X'1*¥ft&ZJEmzm%.'f2>ZLh 
[00 1 93 4fc. it**9, ««aiOfc:EttcoJ:3 

3W^-r^«^ , rt)jEii=s:«3e3&rar«"c*6 . 

[00203 

w%*&. mat. - <7)%pn<7)-mfonmBizm & ± 

J:?EB3frOi*. 2ttt*T*#*7 (03*tfCCD 

B3*M+*J:«K*vC^*. 4fc. 4I^^7 
nyhn-;I^JL- v hT'ftO, ££T1ifc'r*#>5 2 

* 0 . B«!SMW5 ^»«BllS»fc»«c«*S 
ifcteO- Jii*$*S«8K^«. 4fc. 7tt*-?T 

tT*;M92TiM^fcBB«*S^&. 
[ 0 0 2 1 3 B2tt±EB«UraSS5fl«Mt£ 

-/la. - 7 h 4 d»6aBM#fi« 7 r T^T 8 £ 
tfLA/DS^9^<$^M^K8l3Jt*. 4 

fc, mpu (70orot7t) iot±s ®&r-? 

/A^mm 2£:frLT^-?7££:J] LT^-tS- 
k#"C#*. 

[00221 B3fi„ B^SIB 1 Oi»l$r^1"^ 
ill). ttWRibli, WitftD^x^id&feOT 

>r tee i c wr* ftitts i b tens* h 5 >f r^? 

[0 0 233 fSWWJ. BflfcXh^Ttf 
«Las$iiTV^afiBBB3 £»«LTf*&ii**teB 
flMi* B4fc*crJ:3fc: j ar*. Blfc*LfcJ:3fcWft 



-y<oe7f-3& s -SO*&Tt. «*B«fcfe«tixb 
7 4 T t? 7 f-iiSH«B 3 Oft^ te £ bT B 4 J: 

WMHffltfU ««*K:tt«r^ s Srv\ B4<og#B«fc 
fcwC. BB£J«*I(A<0.0) kU iHMx, 
y ^«>y*>« (W*tfy = ya) fcfctt 
&x*rti<0«« (SIS) HBI2. B5fcS*J:d.fc:fc 

[00243 JJK) J: 9 fc. B4 <2]%tX*BftMKB 
&S 0 k LTB 5 tc*rtr k frft-f-CBCMm 5 
KOaiiii. Mitf. tfT*#*52*fcOB(WM- 
ftA/DSHHU flBE^^8b i KOt^S^/MI 

03WM^TJ*k4&. 4fc* l@ffi£5 12X480 
B»«MWIKW95i>Otf**- Witt 0-^5 1 2<9® 
$Sk&*. 

[ 0 0 2 5 3 Srfc. *»BM<o*BCfevvr ti. h'r^ 
^9 2^a»|gffl (S»)ttx*|6]T«)2 0cm, y 
J*tftl2cni (B»T»240cm2) * 
h54r^e7?-tt»5cmT*ofc. HR£. IMTOL 
( 1 *?•> ttO . 1 - 1 c mWZX'h 0 . ffSW) 

<0«t9fc. ^riPL<ot7f-J: , }<>*Bfc*Sitvf-^ 

^72£7)WtTO5cmX5cm (®ST*^2 5c 
m2) g»p/5>±EcoJ:dtffi«Jtr9'-l ommmz 

[00263 OT, B««ra6Bfci3Jt4B«®10rt 
^fco^TR^-TS. B6— Bl 2ii s ZtifttWft 
fc*jft*B«W^SM^Wit*t^D , y ^B"C* 
S. 4-f. B6K**-B«Klfcov^TRW-*-4. 
IHtO»®ttW*«l^»*fc:ffi^-6. HI 3 
«Bfl^fcisttSB^OjCTaie^B*^*^T p fc 

0. OTBlStftBLW^KW*. 06Hi3U 
X. 41*. Xr-yTsirii. trW7 2Hil 
3(a) £^11lM£A;M-&. 

[0 02 73 Xx7Ts2T1i, xb^^rcoHJ 

ttflBC) . ^r-y7'8 3'C2«fl:«ifc(cJ:9, Bl 
3 (b) ^BMfl«. Xfc. Xf'/rs4t. ®{£ 
(b) («Bmff«() CWtT7<Uy/ 
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m 1 4 izattx ? c . 3 tm\ * 

mmt. mi siz^*?^ &±tf9<wMt% 
[oo 283 ngsim. mum 1 3 ( b ) commzti 

wt. x1jfa<7)md£480y4>lzttl,Z$:tb. fid 

-5). ±lS^3ratiXrvTs 6Z"tto. Hi 5 
fc^Lfc«dO#Kfc¥^fcOWfiUi* 

fBM^fT^^TJeft^fL^*^* 1 ). Witt" 

[00 29] mz s m^3tf3Vftmm<?>*te 
mien. ffi%&m 3 # 3 x^stomrttetis its 

a«a«ottas»*, ( c > t* < b > ^wimw^ 

tfcfcLfcEk < d ) ti < c ) 0*B8^g»l|-ca*. 
[00303 «^^3^3<^ce%fiffi^«^tw^. 
S3B«6iiH16 (a) «1<0 
*£\ 116(c) IrZ^-tX 0 tc> 

Gated" x-fohMz. mzcoxoizmffinxijfavtmz 

«WO«kLTIM«flLTL*d. ^O*^. HI 6 
(c)^«ftj:d^ d' <d?*&fctf>. HHU:9 

^«®^»»t*3ty>ttt. HI 6 (d) t^-Tid^s 

u mi 6 { c ) m*6m#mmz&^z#>m<oi)fo 

[003 13 ±E^O0tS«Sfc(i®^^raT-®Cffl 

m>&mifz&t Lziftthzimz'hz. mmm 
wztztm. mtiffim-mmz'ffKcozttzx-o 



zmtZtlzZ^XftjxZ'bZKl* trt&mzitlx 

Rnm/imtmz tm im ozbtzx *>xwm 
wmn&tdmz % < % *) . m<owmiz%ii.tf . 

[ 0 0 3 2 ] ±1EXt v 7" s 2 ft** 

a^-wfcov^TKw-r*. hi 7*4. mmmm 
mmzmmmmmtmm$:*tmxhh. mi 

J»gO«# ( ife(4H») *Pi (Witf s o b e 1 

O^OB«S 2 ifc^ffi**. itL^BrgO 

L#v^«f2«fl:L. Wi.J«B««IMI«*e 
2 5 5 ) t U ^WSW^Hlfca ( U^0 ) 

2 mm® s 3 ^f^a-r 5 . zcoxdiz ltw 

[00333 <5C^. H7*i35cfB«raK:o^TK^f 

z<7>m<iti>mi 3£&mL%#i>mwth. muz 

6kHtT*4. ate. XTvrslZ:\m&LX2fc 

itLt:mmffi&£ttixw%/wmmz'€% 3 . 
io^Ba^fcte. mi8izjFt£i%mm<o&iyffi 

mmQO (^JgO^H: U^UO) ^3£«Q1-Q8 + 
(C**< 1 1 1 OC0H^®f| (»« 1 <0fi : U^U2 5 
5) #»4«^fc:3S[1»®*Q0^«KlofifcS3ft 

&t>9tiznmimtiz®ik+h<o?. mmmzmm 
tzb(,z£^xmfom*<xmizmBZtiz>. mzim 

[0034 3 JhEO J: 3 %msm*?f* oZbi/ZX 
0. Wllllfc:J:&BH»l«*lB«<08Lh. (HI 3 bcofiH 

4i3. mmcommmt. ^mtimmx-mw 

tZctoT^Hi^^^rijitif mz. ±ifio 
iz±o. H3(c) tzTfitxotz. wm/wmm* 
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[00 3 53 Mz, Xtv7s8IZ&^T. mi 3 
( b ) k ( c ) toW&(fflMffi®ft ( EX-OR ) £ 
:jto*IW«*fi*5£fcfcJ:»). HI 3 (d) ^ 
-tX o W9>?mz X h&WWX^tHtiltthZ. b# 

±#<&9. HI 3 (d) Ott/fSfS^MS^^b^ 

&ffl&<om* Mifflmz&fix %x i&zz-bizx 

^Xti. *Tvys9T®l 3 (d) 0«*ib««*i7 

^f77s i or, ttfflffttaflK 
ft»4«i«ai«tf»*fT*v\ xt7rs i it, ± 
Eor t zmss^xtttozimzm o^btzx 

[ 0 0 3 6 ] mz. ±&Wffl&l&7&lZ&^X . WL 
l$i&m 3 (D&mz XiXWiBttzyk&x hy^i rnltWr 

sio. si lojoafcfev^r. hi 3 (d) izmh 

Xr>X HJBf«ff«l«CO»*««fl:"r * ¥>#tt#l«l t 

tutbhtzftX'hh. 

[0037] iMtozb z&mnmimkt 
$m<?) imtLx. i wc^t^-»w 

fcfcwc. (b) b (c) fc^iMMKfcfffcoT 

(d) m&<omm. mt&**<o2mt 

<bj, b 2 kc,. c,) fcovvC4)»*Hff*3 idlrC 

■riiif. 019 n^-r J: ? iz&wzx -> xmrn^mz® 

&^J££fi&^k#ffi*ft. ifc. ±E*)lIiffiS9 
&xh?<<79Lto&M&*&*>X&$. ttilzm^X 

&hx*smi£^. ttiWA^ssit. hbwmhbwo 

5*<frWVk1tS£t*Zb+ "Bffli+*" k^ofcBffi 

mmzi&zx ^ ?>r r««-«i*»^i«aaH^)*» 



[0038] 08 aflwratcov^TiiHB-r 
ft. ic7)Ht6^ffii±H*3S4C0«^ffl^-rft. Sr 
fc. £0^iB13*^L*#fctt91**. B8C 
fctvc, xf7/s i-xf7rs 3^»Ui. WES 
ebntTAh. mz. xf^rs 1 2t\ 

«W)Tilft«rff«riV ^f^rs 1 3T\ *f)2«fc 
T*)«**ff*5. ±l£*T7 7-s 1 2fc4J«t*TJIHfc 

nmx'h o . r <o8 2 «tr ft k we^bm/jr 

««31kH«fcHl 3(c) fcij^rfc*M«WIMi 

ft. 

[00393 J*cW»ft»i^AiWWrrt»i. «i 
If &*<I7 X XfthMt? 4)WTh ft. Sctfl 

?i)V9bi±. muf mm is 3*3x3 imx 

*<g£Q0<9^U^gk^ftiOT'&9. «**7* 
;^JiHE^)a(3fM^^*FLV^««k"f -6 tot* 
ft. i^J:d«^7 4;^«ifeinEBIl7^>S2 

oj; a *««iHiw=aufl-r* k . mmx o bflun^* 

ti^ft. zcowi. mmm-wmB(mA,tzbcbi)- 
hfazmmo** zmmz&<ttmx\ &±mm* 
mm^bizx^x^fimt^nzm^^tih. z. 
mm*tyiw£xzn*i&wt>%< zti& tx-^% 
o. mz, ±Mz<D®3zmy < fr?mmtmt®mzim 
'm7 4fr*!m*'€%\>\ m&comzimytnmzm 

Ltztk. 2^{ktftk. «EB1 3 (c) \Z7fiLtzX? 

/mm k mwornxmiti ft . 
[0040] mz, m 9 tt^m&imiz^xmst 
ft. zvmkmmm^svm&izm'tz. % 

h^X. Xf7rs 1 Uf7rs 2tci>{fft3CT(i. 
MieS6kRtT'fcft. ^T7rsl4T\ 
•y7*s 2r*fefeBBB|«[#<H«t:»tT¥»ft«Ul (B 

8^f7ri2tit) t*f*v^ xf-^rs i 5 
t\ fMW^Uf7rs 2TSa6«:mWM 
«kolKotWii^*«)-&. TO^#tca 

^y>, Xf77s 1 mfe<r>L*\^x~2fflfctz> 
k. i<neiii3 (d) ork^®m^#^ft. zm. 

lis «rEkH«CAryrs9-s 1 10*Q«*1t45 
^kCJ:oTTO^^1-ftCk*^ft. ^Tfc. X 
T7rs 1 5fcfe^T(±*fc:W*<0il*«ftTt J:v^ 
^ f ^-^tCii^F-t^^t ft ^Wfc ft OT^ra 
*f«t(^ft . L^'oT±IBO J: 3 CHOitWi!** 
^ftCkt;J:0. ^^^CtT^ft. 

[0041] b i o^-rp^rac^v^T^ 
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zcomkmmimxm mmzmtz. z. 

O^tt02O*#!KL*#fc8MJfr*. 01Ofcfci* 

T77s 1 A*LfcMfc£tf l/Ciftfc:*T'yrs 3£> 
2«fc»MtfT*5 fc .020(a) amfcPftfeh 
*. Af77's l 7Tti. 2«fcH«U0S»M 

mm®<omim7t<o*;%zizmth. 020 (to 

(flUJfEX-OR) Srir&^fcKJ:^ 020 
( c ) fc^fj: 3 HAWAII ( kHEH 1 3 d 

[00423 <Mc. B 1 1 tc^TM^Mtcov^r^ 
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